Corneal changes following near work in myopic anisometropia by Vincent, Stephen et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Vincent, Stephen J., Collins, Michael J., Read, Scott A., Carney, Leo G., &
Yap, Maurice K.H. (2013) Corneal changes following near work in myopic
anisometropia. Ophthalmic And Physiological Optics, 33(1), pp. 15-25.
This file was downloaded from: http://eprints.qut.edu.au/56122/
c© Copyright 2012 Blackwell Publishing
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://dx.doi.org/10.1111/opo.12003
1 
Corneal changes following near work in myopic anisometropia 
Stephen J Vincent PhD
1
 
Michael J Collins PhD
1
 
Scott A Read PhD
1
 
Leo G Carney DSc PhD
1
 
Maurice KH Yap PhD
2
 
1
 Contact Lens and Visual Optics Laboratory, School of Optometry and Vision Science, 
Queensland University of Technology, Brisbane, Queensland, Australia 
2
 Centre for Myopia Research, School of Optometry, The Hong Kong Polytechnic University, 
Kowloon, Hong Kong, PR China 
 
Corresponding author: 
Stephen Vincent 
Contact Lens and Visual Optics Laboratory 
School of Optometry 
Queensland University of Technology 
Room B556, O Block, Victoria Park Road, Kelvin Grove 4059 
Brisbane, Queensland, Australia 
Phone: 617 3138 5732, Fax: 617 3138 5665 
Email: sj.vincent@qut.edu.au 
 
Running head: Corneal changes and near work in anisometropia 
Number of Tables: 5 
Number of Figures: 3 
Word count: 5229 (excluding abstract, figures and references) 
Date submitted: 28/06/2012
2 
 
ABSTRACT 
Purpose: To examine the symmetry of corneal changes following near work in the fellow eyes 
of non-amblyopic myopic anisometropes. 
Methods: Thirty-four non-amblyopic, myopic anisometropes (minimum 1 D spherical equivalent 
anisometropia) had corneal topography measured before and after a controlled near work task.  
Subjects were positioned in a headrest to minimise head movements and read continuous text 
on a computer monitor for 10 minutes at an angle of 25 degrees downward gaze and an 
accommodation demand of 2.5 D.  Measures of the morphology of the palpebral aperture during 
primary and downward gaze were also obtained. 
Results: The more and less myopic eyes exhibited a high degree of interocular symmetry for 
measures of palpebral aperture morphology during both primary and downward gaze.  
Following the near work task, fellow eyes also displayed a symmetrical change in superior 
corneal topography (hyperopic defocus) which correlated with the position of the upper eyelid 
during downward gaze.  Greater changes in the spherical corneal power vector (M) following 
reading were associated with narrower palpebral aperture during downward gaze (p = 0.07 for 
more myopic and p = 0.03 for less myopic eyes).  A significantly greater change in J0 (an 
increase in against the rule astigmatism) was observed in the more myopic eyes (-0.04 ± 0.04 
D) compared to the less myopic eyes (-0.02 ± 0.06 D) over a 6 mm corneal diameter (p = 0.01). 
Conclusions: Changes in corneal topography following near work are highly symmetrical 
between the fellow eyes of myopic anisometropes due to the interocular symmetry of the 
palpebral aperture.  However, the more myopic eye exhibits changes in corneal astigmatism of 
greater magnitude compared to the less myopic eye. 
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Introduction 
There is substantial evidence to suggest that pressure from the eyelids can result in a range of 
changes in corneal shape.  The higher prevalence of with the rule corneal astigmatism in 
populations of East Asians
1
 and children with congenital syndromes (e.g. Down’s syndrome)
2-5
 
compared with Caucasians suggest that eyelid morphometry may influence corneal 
astigmatism.  Changes in corneal astigmatism or topography associated with eyelid 
abnormalities such as ptosis,
6
 chalazia
7
 and capillary haemangioma
8
 also highlight the influence 
of eyelid pressure upon the cornea.  Deliberate manipulation of the normal eyelid position has 
been shown to influence corneal optics.  Alterations in corneal astigmatism occurs with lid 
retraction
9
 or with deliberate narrowing of the palpebral aperture,
10
 typically affecting 
astigmatism in the horizontal/vertical meridians due to the mechanical effect of the eyelids upon 
the cornea.  Various reports of monocular diplopia following near work tasks also suggest that 
eyelid pressure may alter corneal power during certain daily visual activities.
11-13
 
Buehren and colleagues
14
 examined in detail the changes in corneal topography following sixty 
minutes of reading in downward gaze.  The most common corneal topographical change was a 
“wave-like” distortion in the superior cornea that correlated with the position of the eyelid during 
reading, accompanied by an increase in against-the-rule corneal astigmatism which has also 
been reported in more recent studies.
15, 16
  These corneal changes have also been shown to 
occur following a shorter duration of near tasks of 10-15 minutes.
16, 17
 
Changes in corneal topography following sustained eyelid pressure during near work are known 
to be influenced by the nature of the visual task including the angle of downward gaze,
16, 18
 the 
direction and magnitude of eye movements
14, 18, 19
 and task duration.
17, 20
  While corneal 
changes following near work have been compared in different refractive error groups,
21
 the 
interocular symmetry of such changes has not been investigated, with previous studies 
examining only one eye of subjects, before and after various visual tasks. 
4 
It has been suggested that changes in corneal optics following near work could potentially 
provide a cue to initiate eye growth resulting in myopia and with the rule astigmatism.
22
  If this is 
the case, one might expect to see a greater amount of refractive change or increase in higher 
order aberrations in myopes compared to emmetropes
21
 or in the case of myopic 
anisometropia; in the more myopic eye compared to the fellow less myopic eye.  Comparing the 
two eyes of the same anisometropic subject provides improved sensitivity with greater control of 
confounding inter-subject variables inherent in cohort studies, such as age, gender and other 
environmental and genetic factors.  The interocular symmetry between the fellow eyes of 
myopic anisometropes has been reported previously for a range of ocular optical and biometric 
measurements during relaxed accommodation.
23, 24
  However, no study has examined the 
interocular symmetry of these parameters in anisometropes following near work.  In this 
experiment we examine the changes in corneal optics following a controlled near task in both 
eyes of non-amblyopic anisometropes. 
Methods 
Subjects and screening 
Thirty-four young, healthy adult subjects aged between 18 and 34 years (mean age 23.9 ± 4.3 
years) with a minimum of 1.00 D of spherical-equivalent myopic anisometropia were recruited 
for the study.  The subjects were primarily recruited from the staff and students of the 
Queensland University of Technology (QUT, Brisbane, Australia) and the Hong Kong 
Polytechnic University (HKPU, Hong Kong, PR China).  Before testing, subjects underwent a 
screening examination to determine subjective refraction and ocular health status.  All subjects 
were free of significant ocular or systemic disease and had no history of ocular surgery or 
significant trauma.  In addition, subjects with visual acuity worse than 0.10 logMAR, strabismus, 
unequal visual acuities (interocular difference of greater than 0.10 logMAR) or a history of rigid 
contact lens wear were excluded from the study.  Fourteen soft contact lens wearers were 
included in the study, but ceased contact lens wear for 36 hours prior to participation.  
Examination of the anterior adnexae was conducted using a slit lamp biomicroscope to ensure 
that subjects had no eyelid abnormalities that could potentially influence corneal topography.  
Approval from both the QUT and HKPU human research ethics committees was obtained 
5 
before commencement of the study and subjects gave written informed consent to participate.  
All subjects were treated in accordance with the tenets of the Declaration of Helsinki.  
Measurements were taken using the same instruments (manufacturer and model) at both sites 
(QUT and HKPU) and by the same observer (SJV) to minimise the potential for inter-operator 
variability.  To standardize measurement conditions at both sites, the lighting conditions were 
kept at mesopic levels (approximately 1-3 lx) for all ocular measures and throughout the reading 
task. 
Data collection procedures 
To examine the influence of near work on the optical characteristics of anisometropic eyes, 
corneal topography was measured before and immediately following (within approximately 10 
seconds) a ten minute downward gaze reading task.  Subjects wore their optimal sphero-
cylindrical correction and were positioned in a chin and headrest to ensure consistency of eye 
and head position during the reading task.  Six lines of high contrast (black on white) n11 text 
were viewed on a computer monitor at a distance of approximately 40 cm from the spectacle 
plane and 25 degrees below horizontal (the approximate average angle of downward gaze 
adopted during reading
25, 26
) with the remainder of the screen occluded.  This set-up minimised 
the amount of vertical eye movements.  Subjects could read continuously by scrolling the 
mouse and were instructed to blink naturally while reading.  Corneal topography was measured 
using a videokeratoscope (E300, Medmont Pty. Ltd., Victoria, Australia).  This instrument is 
based on the Placido disc principle and has been shown to exhibit a high level of accuracy and 
precision for spherical and aspheric test surfaces
27
 as well as a high level of repeatability in 
human subjects.
28
  Four measurements, captured according to manufacturer recommendations 
were performed on each eye.  The right eye was measured first, followed by the left eye. 
Morphology of the palpebral fissure 
Digital photography was used to capture the morphology of the palpebral fissure in primary and 
25 degree downward gaze without spectacle correction.  At the QUT site, a digital camera 
(Fujifilm FinePix S9500, Fuji, Tokyo, Japan) (10.7x optical zoom, 9.0 megapixels) positioned on 
a mount was used as described elsewhere
26
; however, we positioned the subjects in a chin and 
6 
forehead rest to provide consistent conditions for the reading task for all subjects.  At the HKPU 
Optometry Clinic, the same camera was mounted on an adjustable tripod rather than the 
custom made mount used at QUT.  Subjects were positioned in a chin and forehead rest and 
the camera height was adjusted so the cross hairs within the view finder were aligned with the 
subject’s eyes during primary gaze.  For downward gaze photography, the tripod height was 
then lowered and the camera angle adjusted such that subjects had to adopt a downward gaze 
of 25 degrees to maintain fixation on the centre of the camera lens.  A protractor was mounted 
on the side of the head rest adjacent to the subject’s right outer canthus to confirm the angle of 
downward gaze was 25 degrees below horizontal.  Photographs were taken prior to the reading 
task to minimise the potential influence of fatigue upon upper lid position. Both eyes were 
included in all photographs and the in-built camera flash was used to ensure illumination was 
constant between the two eyes.  The distance from the subject’s eye to the camera lens was 
approximately 500 mm.  Subjects were asked to fixate on the centre of the camera lens, but not 
specifically focus on it, in an attempt to maintain natural eyelid position and avoid forceful 
squinting.  A scale of known length was positioned in each photograph to allow calibration 
during later analysis. 
Data analysis 
Corneal topography 
Following data collection, corneal refractive power and height data were exported from the 
videokeratoscope.  Topography maps that displayed poor focus or local irregularities such as 
tear film instability were excluded from analysis.  Topography data were analysed using 
customised software.  Refractive power maps and corneal height data were averaged using an 
established technique
29
 assuming a corneal refractive index of 1.376.  This technique involved 
interpolation of the videokeratoscope data to an equal point spacing within a semi-meridian 
format, and an average value at each point was then calculated.  This analysis was conducted 
for right and left eye data, taking into account midline symmetry (enantiomorphism).  To 
highlight changes occurring following reading, difference maps were calculated by subtracting 
the average pre-reading refractive power map from the average post-reading refractive power 
7 
map.  A best-fit sphero-cylinder was calculated from each subject’s mean refractive power 
maps
30
 for both 4 mm and 6 mm analysis diameters and converted into power vectors
31
 for 
further analysis.  The sphero-cylindrical analysis was calculated around the line of sight.   
Corneal height data were used to calculate the corneal wavefront error using a ray tracing 
procedure described previously.
14
  Zernike wavefront polynomials were fitted to the wavefront 
error (up to and including the eighth radial order) and expressed using the double index notation 
(OSA convention).
32
  The image plane was at the circle of least confusion and the wavelength 
used was 555 nm.  The wavefront was centred on the line of sight by using the pupil offset 
value from the pupil detection function in the videokeratoscope as the reference axis for the 
wavefront.  This procedure was conducted for 4 measurements per eye and the mean and 
standard deviations were calculated.  Corneal diameters of 4 and 6 mm were chosen for 
analysis purposes to approximate mean pupil sizes in photopic and mesopic conditions 
respectively.
16
  Although corneal wavefronts were fit with eighth order Zernike expansions, 
given that the predominant corneal higher order aberrations are third and fourth order terms
33
 
we have limited our analysis up to and including the fourth order. 
To examine the influence of the change in corneal aberrations following reading on image 
quality, we calculated the Strehl ratio (based on the optical transfer function)
34
 for the more and 
less myopic eye of each subject using the pre and post-reading corneal wavefront.  The Strehl 
ratio is an image quality metric that is a good predictor of optical performance where a higher 
value represents better optical quality.
35
  While the Visual Strehl Ratio is typically calculated 
using total ocular aberrations, we have specifically calculated this metric based only on the 
change in the anterior corneal surface in order to quantify the reduction in image quality from 
the interaction between the eyelids and cornea during reading. 
Morphology of the palpebral aperture 
Each digital image of the anterior eye in primary and 25 degree downward gaze was analysed 
using custom written software to approximate the morphometry of the limbus and upper and 
lower eyelids.
26, 36
  All left eye images were transposed to right eyes to account for midline 
8 
symmetry.  This software includes a digital zoom function which enables enhanced visualisation 
of the eyelid margins and limbal outline.  For the limbus, 16 points were manually selected by 
an experienced observer (who was masked to the refractive status of each eye) around the 
visible corneo-scleral boundary (i.e. not obscured by the eyelids) in an evenly spaced fashion by 
visual inspection, and a least squares fitting was performed to determine the best fitting ellipse 
to the limbal outline.  For the upper and lower eyelid margin, 8 evenly spaced points were 
marked (at approximately 2 mm intervals), and these were then fit with a polynomial function 
with respect to the limbus centre (Y = AX
2
 + BX + C) to describe the central portion of the eyelid 
contour (i.e. approximately 2 mm either side of the limbal boundary in the horizontal meridian).  
This polynomial has been shown to provide a reasonable fit of eyelid shape when disregarding 
the nasal and temporal canthi.
37
  These terms describe different aspects of the eyelid 
morphology, with coefficient A being the curvature, coefficient B the angle or tilt and coefficient 
C the distance from the geometric corneal centre.  The positions of the nasal and temporal 
canthus were also marked.  Four images were processed for each eye and mean and standard 
deviations were calculated for a range of biometric parameters describing the morphology of the 
palpebral fissure.  These parameters included; horizontal eyelid fissure width, angle of the 
horizontal eyelid fissure, vertical palpebral aperture width and the terms which describe the 
upper and lower eyelids shape (described in Table 1). 
Statistical analysis 
Two tailed paired t-tests were used to assess the statistical significance of the difference 
between pre-task and post-task measurements in the more and less myopic eyes of the 
anisometropic subjects.  Pearson’s correlation coefficient was used to examine the relationship 
between the magnitude of change in the variable of interest and various potential predictors 
(e.g. magnitude of change in corneal sphere with respect to upper eyelid position). 
Results 
Subjects 
Twenty-two of the 34 subjects were female and 31 of the subjects were of East Asian descent, 
with the remaining three subjects of Caucasian ethnicity.  Mean spherical equivalent refraction 
9 
was -5.35  2.74 D for the more myopic eyes (range -12.00 to -0.875 D) and -3.64  2.61 D for 
the less myopic eyes (range -9.75 to +0.625 D).  Mean spherical equivalent anisometropia was 
1.70 ± 0.74 D.  Of the more myopic eyes, 21 were right eyes and 13 were left eyes. 
 
Palpebral aperture morphology 
There was a high degree of symmetry between the fellow eyes for a range of biometric 
measures in both primary and 25 degree downward gaze (Table 2).  As expected, the 
morphology of the palpebral aperture changed significantly during downward gaze with a 
vertical narrowing of the aperture (a change of -1.85 ± 0.99 mm in the more myopic eyes, and -
1.91 ± 0.95 mm in the less myopic eyes) and an increase in downward slant (a change of 7.21 ± 
2.94 degrees in more myopic eyes and 7.61 ± 3.06 degrees in less myopic eyes).  The contour 
of the upper and lower eyelids (term A) remained relatively stable during primary and downward 
gaze (constant of -0.03 for the more and less myopic eyes during both gaze angles).  The angle 
or tilt of the upper and lower eyelids (term B) increased slightly (i.e. became more downward 
slanted).  However, the magnitudes of any changes in the palpebral aperture with downward 
gaze were not significantly different between the fellow eyes (all parameters: paired t-test, t33 < 
2.03, p > 0.05). 
Corneal power vectors 
Corneal power vectors M (spherical corneal power), J0 (90/180 astigmatic power) and J45 
(45/135 oblique astigmatic power) were calculated from the average pre-reading and post-
reading refractive power maps.  The mean changes in corneal vectors following the near task 
are shown in Table 3.  The more myopic eyes had a significantly higher corneal M before (4 
mm: 49.21 ± 1.80 D, 6 mm: 49.60 ± 2.13 D) and after the reading task (4 mm: 49.18 ± 1.77 D, 6 
mm: 49.57 ± 2.09 D) for both 4 and 6 mm corneal diameters compared to the less myopic eyes 
(Pre-reading: 4 mm 49.06 ± 1.78 D, 6 mm 49.43 ± 2.06 D, Post-reading: 4 mm 49.04 ± 1.78 D, 
6 mm 49.41 ± 2.04 D). 
Following the reading task there were small reductions in mean M, J0 and J45 in both the more 
and less myopic eyes over both corneal diameters (except J45 for the 6 mm analysis diameter 
10 
which increased slightly).  The mean decrease in J0 was statistically significant over both 4 (-
0.05 ± 0.06 D) and 6 mm diameters (-0.04 ± 0.04 D) (4 mm and 6 mm: paired t-test, t33 = 2.94, p 
= 0.006) for the more myopic eyes but did not reach statistical significance for the less myopic 
eyes (4 mm: -0.03 ± 0.15 D, 6 mm: -0.02 ± 0.06 D).  The magnitude of change in corneal vector 
J0 following reading was also significantly greater (paired t-test, t33 = 2.73, p = 0.01) in the more 
myopic eyes (-0.04 ± 0.04 D) compared to the less myopic eyes (-0.02 ± 0.06 D) over the 6 mm 
corneal diameter.  The changes observed in M (more myopic: 4 mm -0.02 ± 0.08 D, 6 mm -0.04 
± 0.07 D and less myopic: 4 mm -0.02 ± 0.06 D, 6 mm -0.01 ± 0.06 D) and J45 (more myopic: 4 
mm -0.02 ± 0.08 D, 6 mm -0.04 ± 0.07 D and less myopic: 4 mm -0.02 ± 0.07 D, 6 mm 0.02 ± 
0.05 D) were not significantly different between eyes (M and J45: paired t-test, t33 < 2.03, p > 
0.05).  The magnitude of change in M, J0 or J45 was not correlated with pre-reading M, J0, J45 
values, or spherical equivalent refractive error for the more or less myopic eyes.  The interocular 
differences in corneal power vector change were not correlated with the magnitude of 
anisometropia. 
For the more and less myopic eyes, the mean change in corneal spherocylinder over a 4 mm 
diameter was +0.03/-0.11 x 101 and +0.02/-0.07 x 107 respectively.  Over a 6 mm diameter, the 
mean changes were +0.02/-0.11 x 113 and +0.02/-0.06 x 68 for the more and less myopic eyes 
respectively (i.e. the mean change in corneal cylinder was greater in the more myopic eye over 
both corneal diameters).  Figure 1 displays the average refractive power difference maps (post 
minus pre reading) for the more and less myopic eyes and this highlights areas of corneal 
change following reading.  On average, the fellow eyes displayed a symmetrical change in 
corneal topography consisting of a localised horizontal band of decreased corneal refractive 
power (i.e. a hyperopic shift in refractive power) in the superior cornea which approximately 
correlated with the position of the upper eyelid during downward gaze. 
Corneal aberrations 
There were no significant interocular differences in corneal higher order aberrations for pre or 
post-reading measurements.  Additionally, the magnitude of change in corneal aberrations 
following reading did not differ significantly between the more and less myopic eyes for any 
11 
Zernike terms up to the fourth order, although the more myopic eyes showed a statistically 
significant increase in lower order term C(2,2) over both 4 mm (0.070 ± 0.107 microns) and 6 
mm (0.085 ± 0.163 microns) pupil diameters (Table 4), while the change in the less myopic eyes 
did not reach significance (4 mm 0.025 ± 0.085 microns and 6 mm 0.024 ± 0.213 microns).  
There was a significant correlation between the magnitude of change in corneal aberrations 
C(3,-3) trefoil along 30 and C(3,-1) primary vertical coma following the reading task in both the 
less and more myopic eyes over a 4 and 6 mm corneal diameter.  Figure 2 illustrates the mean 
changes in corneal higher order aberrations and highlights the wave-like change in corneal 
aberrations following the near work task in the more and less myopic eyes for a 6 mm corneal 
diameter.  There is a high degree of symmetry between the fellow eyes, due to the interocular 
symmetry in palpebral aperture morphology. 
To examine the between eye difference in image quality due to corneal optics, we calculated 
the Strehl ratio based on the anterior corneal surface wavefront for higher order aberrations 
alone (3
rd
 and 4
th
 order terms) and also incorporating the corneal cylinder with higher order 
aberrations (2
nd
 to 4
th
 order terms) before and after the reading task (Table 5).  For the analysis 
based on higher order aberrations, on average, the more myopic eyes had a greater reduction 
in optical quality (corneal Strehl ratio) over both 4 and 6 mm corneal diameters (4 mm -0.045 ± 
0.130, 6 mm -0.017 ± 0.027) compared to the less myopic eyes (4 mm -0.020 ± 0.153, 6 mm -
0.009 ± 0.036); however the interocular difference was not statistically significant.  When 
including the change in corneal cylinder with the higher order terms, the reduction in image 
quality was significantly greater in the more myopic eyes (-0.002 ± 0.010) compared to the less 
myopic eyes (0.002 ± 0.011) over a 6 mm corneal diameter (paired t-test, t33 = 2.14, p = 0.04, 
Table 5).  Figure 3 illustrates the change in image quality (point spread function and image 
reconstruction) based on the change in corneal astigmatism and higher order aberrations up to 
the fourth order. 
Influence of palpebral aperture morphology 
We also examined the correlation between the magnitude of corneal change following reading 
and anterior eye biometrics.  The relationship between the morphology of the anterior eye and 
12 
corneal optical changes following reading were similar between fellow eyes.  There was a weak 
correlation between vertical palpebral aperture size during downward gaze and the change in 
corneal vector M which approached statistical significance for the less myopic eyes (r = 0.32, p 
= 0.07) and just reached statistical significance for the more myopic eyes (r = 0.39, p = 0.03).  
Narrower palpebral apertures tended to be associated with a greater reduction in corneal M (the 
closer the upper or lower eyelid was to the pupil centre during downward gaze the greater the 
decrease in M).  Similar trends were observed for changes in J0 and vertical palpebral aperture 
during down gaze, but did not reach statistical significance.  There were no significant 
associations between eyelid curvature or tilt with the magnitude of corneal astigmatic refractive 
changes J0 or J45. 
Discussion 
We examined the interocular symmetry of corneal optics before and after a short reading task in 
a cohort of young, non-amblyopic myopic anisometropes.  Several recent studies have utilised 
between eye comparisons of anisometropic subjects to improve the sensitivity in detecting a 
difference in higher order aberrations associated with refractive error,
23, 24, 38, 39
 however, this is 
the first to do so following reading. 
There was a high degree of interocular symmetry in our cohort of anisometropes who were 
primarily of East Asian ethnicity, for measures of eyelid contour and palpebral aperture 
dimensions during primary and downward gaze. Cartwright et al
40
 observed a high degree of 
mirror symmetry between fellow eyes for upper eyelid and eyebrow dimensions in healthy 
Caucasian subjects (of unspecified refractive errors).  Lam et al
41
 also found a high degree of 
interocular symmetry for vertical palpebral aperture in a Caucasian population.  While both age 
and ethnicity may contribute to differences in eyelid morphology between subjects, we have 
controlled for these variables by examining the fellow eyes of anisometropic subjects. 
Differences in eyelid position between fellow eyes could potentially promote anisometropic eye 
growth.  Congenital unilateral ptosis (interocular asymmetry in eyelid position) may result in 
amblyopic anisometropia.
42
  Form deprivation associated with partial eyelid closure in humans
43
 
and lid suturing in animal models
44
 typically leads to axial myopia and astigmatism.  However, in 
13 
our population of young adult myopic anisometropes, eyelid parameters were largely 
symmetrical in both primary and downward gaze.  We observed no correlation between 
interocular differences in eyelid shape or position or vertical palpebral aperture size and the 
magnitude of anisometropia.  Anterior eye biometrics were highly correlated between fellow 
eyes and the more myopic eyes were indistinguishable by external examination of the ocular 
adnexae. 
We observed small changes in corneal refractive power and aberrations following the reading 
task.  The general pattern of change in corneal optics following the task is consistent with 
previous work examining corneal changes in one eye of myopes and emmetropes following 
downward gaze.
14, 16
  Of particular interest in our current study was the magnitude of the optical 
changes between the fellow eyes in our anisometropic cohort.  Several studies have reported 
higher levels of aberrations in myopes compared to emmetropes during or following 
accommodation, suggesting that retinal image blur during near work may be linked to myopia 
development.
14, 21, 22
  If higher-order aberrations influence myopia development, we might 
expect higher levels of aberrations in the more myopic eyes of anisometropes, or differences in 
the type of aberrations present.  However, previous studies of anisometropic eyes during 
distance fixation have found either little difference in aberrations between fellow eyes, or lower 
levels in the more myopic eyes.
23, 24, 38
 
Our findings suggest that following a short period of near work, the more and less myopic eyes 
of anisometropes undergo similar changes in corneal higher-order aberrations.  The more 
myopic eyes exhibited a significantly greater increase in corneal against the rule astigmatism (a 
lower order aberration) compared to the less myopic eyes.  When analysed over a 6 mm 
corneal diameter the decrease in image quality associated with the changes in corneal cylinder 
and higher order aberration following the near task was significantly greater in the more myopic 
eyes.  Given that the near task was of relatively short duration and conducted at a typical angle 
of downward gaze, it is possible that greater asymmetries in corneal optics may be observed 
between the fellow eyes following longer reading tasks at greater angles of downward gaze, 
however, given the high degree of symmetry between the fellow eyes for measures of the 
14 
palpebral fissure this is probably unlikely.  Nonetheless, we cannot rule out the possibility that 
changes in corneal optics due to eyelid pressure could play a role in the development of 
astigmatism or myopia.  Indirect evidence such as the greater prevalence of myopia and 
corneal astigmatism in Asian populations
1
 and reported reduction in myopia progression 
associated with rigid contact lens wear
45, 46
 suggests that lid forces and/or corneal optics could 
theoretically influence eye growth. 
Using simulated wavefronts, Buehren et al
22
 observed that reduced image quality due to various 
combinations of higher order aberrations including vertical coma, trefoil and spherical aberration 
could be improved by modification of the sphero-cylinder (i.e. lower order aberrations).  The 
authors concluded that near work induced ocular optical changes (typically consisting of a 
hyperopic against the rule astigmatic shift) may provide a potential trigger for the development 
of myopia and with the rule astigmatism.  Additionally, previous studies have also noted an 
association between against the rule astigmatism and myopia development in children.
47, 48
  If 
the presence of against the rule astigmatism does promote myopic eye growth, then our results 
of an asymmetric shift in the corneal sphero-cylinder following near work could potentially be of 
importance in the mechanism of asymmetric myopia development occurring in anisometropia 
(i.e. the small changes observed in lower order corneal aberrations may influence ocular growth 
signals). 
However, there are numerous other factors involved during near work which may also play a 
role in anisometropia development which we have not specifically examined in this study.  While 
we have used two fixed pupil sizes for analytical purposes, the natural fluctuating pupil size 
during near tasks will influence the higher order aberrations and retinal image quality of each 
eye.  Therefore, small interocular differences in pupil size could also promote asymmetric 
refractive development.  We also have limited our analysis to corneal aberrations measured 
along the line of sight.  The symmetry of the change in total ocular aberrations (corneal and 
internal optics) between the fellow eyes would provide more information about retinal image 
quality following near work.  Recent animal models
49, 50
 and studies of myopia progression 
during orthokeratology treatment
51, 52
 suggest that peripheral optics play an important role in the 
15 
regulation of refractive errors.  Although a high degree of interocular symmetry has been 
reported for total ocular aberrations in myopic anisometropes during distance fixation along the 
visual axis,
23, 24, 38
 between eye differences may be more apparent with increasing eccentricity.  
Future studies examining the interocular symmetry of corneal optics and retinal image quality in 
subjects with significantly larger degrees of anisometropia or during active myopia progression 
may also help to shed more light on the mechanisms underlying asymmetric eye growth. 
The magnitude of corneal refractive change and regression time following near work is affected 
by the type
19
 and duration of the task,
17, 21
 the angle of downward gaze
16
 and the amount of 
horizontal eye movements.
14, 18
  In our study, we controlled these variables between subjects by 
employing a chin and head rest to limit head movements and maintain a consistent angle of 
downward gaze during the task.  It is possible that the number of horizontal eye movements 
may have differed between subjects (i.e. different reading speeds between subjects); however, 
as our analysis investigated the interocular symmetry of corneal changes, we assumed the 
horizontal eye movements between the fellow eyes of individuals would be equal due to the 
yoked nature of the extraocular muscles.  Our approach of using a standardised head position 
for all subjects also eliminated the potential for natural variations in head tilt that could influence 
the interaction between eyelid morphometry and optical changes in the cornea.  We also 
minimised the potential for large vertical eye movements by restricting the number of lines 
visible at any time during reading.  In an unrestricted, natural reading environment subjects may 
have adopted a habitual reading posture with a slight head tilt or turn or utilised more head 
movements.  This could result in differences in eyelid contact with the cornea between the 
fellow eyes.  Additionally, if reading material is positioned away from the midline gaze direction 
the different accommodative demands between the two eyes could potentially promote 
asymmetric eye growth.
53
  By controlling head and eye position in this experiment, we have 
deliberately constrained the range of variables to focus on the morphological and anatomical 
differences between the fellow eyes of the anisometropes. 
The magnitude of the corneal changes following the reading task correlated weakly with certain 
aspects of upper eyelid position and vertical palpebral aperture size during downward gaze, 
16 
with smaller apertures resulting in a larger hyperopic shift in average corneal power.  Buehren 
et al
21
 also observed that subjects with smaller palpebral apertures during reading had 
significantly higher increases in corneal aberrations compared to subjects with wider apertures.  
Shaw et al
16
 reported a significant correlation between the change in corneal vector J45 
following a fifteen minute reading task (40 degree downward gaze) with the angle of tilt of the 
lower eyelid in downward gaze.  We did not observe a similar relationship in our study 
potentially due to a shorter duration reading task (ten minutes) and a reduced angle of 
downward gaze (25 degrees).  We chose a specific duration for the near work task (10 minutes) 
based on the work of Collins et al,
17
 who reported that significant corneal changes can occur 
following ten minutes of near work.  While a longer duration near task would produce larger 
magnitude changes in corneal and total aberrations, our interest was in examining the 
interocular symmetry in the changes in the more and less myopic eyes of our anisometropic 
cohort. 
In addition to eyelid morphology, the magnitude and distribution of the pressure exerted upon 
the cornea by the eyelids may also contribute to changes in corneal curvature and optics 
following reading.  Unilateral eyelid malformations have been associated with significant 
changes in astigmatism which diminish when the cause is removed.
7
  Although the 
measurement of eyelid pressure was beyond the scope of this experiment, future research 
examining the magnitude of eyelid pressure in anisometropic subjects or different ethnic groups 
(during primary and downward gaze) may provide further information on the relationship 
between the eyelids and the influence upon corneal optics.  Corneal epithelial thickness (or 
resistance) could also influence the magnitude of refractive change from eyelid pressure.  
Epithelial dimensions using OCT pre and post reading may provide more information regarding 
the influence of eyelid pressure upon corneal structure and therefore optics. 
This is the first study to examine the interocular differences in corneal optics following a near 
task.  The topographical changes observed following a controlled reading task of short duration 
displayed a high degree of symmetry between the fellow eyes of myopic anisometropes. 
However, the more myopic eye did exhibit a small but statistically significant greater magnitude 
17 
of change in corneal astigmatism following reading.  This may have implications for 
understanding the mechanism of development of non-amblyopic myopic anisometropia. 
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Table 1: Explanation of the anterior eye measurements and abbreviations used in Table 2. 
ABBREVIATION EXPLANATION DEFINITION 
HEF Horizontal eyelid fissure 
The horizontal distance between the nasal and 
temporal canthi 
theta_HEF Theta horizontal eyelid fissure 
The angle between the temporal and nasal canthus (a 
positive angle indicates the nasal canthus is higher 
than the temporal canthus) 
Eyelid margin terms A Eyelid curve 
The curvature of the eyelid (a larger A term indicates a 
steeper curve) 
 B Eyelid tilt 
The angle of the eyelid (a positive B term indicates a 
downward slant) 
 C Eyelid height 
The height of the eyelid above or below the corneal 
centre 
PA Palpebral aperture 
The vertical distance between the upper and lower lid 
measured through the pupil centre 
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Table 2: Mean anterior eye morphology measurements (± SD) in primary and downward gaze 
for the more and less myopic eyes. 
 PRIMARY GAZE 25 DEGREE DOWNWARD GAZE 
Parameter More myopic Less myopic p-value† More myopic Less myopic p-value† 
HEF 25.42 ± 2.06 25.61 ± 1.82 0.29 25.63 ± 2.01 25.88 ± 2.20 0.37 
theta_HEF * -6.20 ± 3.81 -6.26 ± 2.98 0.94 1.01 ± 2.42 1.35 ± 2.99 0.61 
Upper 
Eyelid 
A * -0.03 ± 0.01 -0.03 ± 0.01 0.52 -0.03 ± 0.00 -0.03 ± 0.01 0.43 
B * -0.05 ± 0.06 -0.04 ± 0.05 0.48 0.03 ± 0.04 0.04 ± 0.06 0.69 
C * 3.65 ± 0.83 3.62 ± 0.75 0.70 3.19 ± 0.66 3.11 ± 0.61 0.31 
Lower 
Eyelid 
A * 0.02 ± 0.00 0.02 ± 0.00 0.21 0.02 ± 0.00 0.02 ± 0.01 0.85 
B * 0.06 ± 0.06 0.06 ± 0.06 0.71 0.10 ± 0.04 0.09 ± 0.06 0.33 
C * -6.12 ± 0.85 -6.11 ± 0.80 0.88 -4.71 ± 0.59 -4.70 ± 0.73 0.92 
PA * 9.73 ± 1.27 9.70 ± 1.24 0.64 7.88 ± 0.98 7.79 ± 1.15 0.53 
 
All measurements are mean ± SD in mm, except theta_HEF (degrees) 
† p-value paired t-test (More vs less myopic eyes) 
* p < 0.0001 paired t-test (Primary vs downward gaze) 
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Table 3: Mean (± SD) corneal vectors M, J0 and J45 and sphero-cylinder (D) before and after reading and change (post minus pre) for the more and 
less myopic eyes (4 and 6 mm diameters). 
   More myopic  Less myopic 
Corneal diameter  M J0 J45 Sphero-cylinder  M J0 J45 Sphero-cylinder 
4 mm 
Pre-reading  49.21 ± 1.80 * 0.87 ± 0.48 0.09 ± 0.24 50.08/-1.75 x 3  49.06 ± 1.78 0.85 ± 0.53 0.06 ± 0.29 49.91/-1.70 x 2 
Post-reading  49.18 ± 1.77 * 0.81 ± 0.46 0.06 ± 0.25 49.99/-1.63 x 3  49.04 ± 1.78 0.82 ± 0.52 0.04 ± 0.28 49.86/-1.64 x 1 
Change  -0.02 ± 0.08 -0.05 ± 0.06 † -0.02 ± 0.08 +0.03/-0.11 x 101  -0.02 ± 0.06 -0.03 ± 0.15 -0.02 ± 0.07 +0.02/-0.07 x 107 
6 mm 
Pre-reading  49.60 ± 2.13 * 0.94 ± 0.55 0.14 ± 0.14 50.55/-1.90 x 4  49.43 ± 2.06 1.05 ± 0.56 0.12 ± 0.35 50.49/-2.11 x 3 
Post-reading  49.57 ± 2.09 * 0.91 ± 0.54 0.11 ± 0.33 50.49/-1.83 x 3  49.41 ± 2.04 1.02 ± 0.53 0.14 ± 0.33 50.44/-2.06 x 4 
Change  -0.04 ± 0.07 -0.04 ± 0.04 *† -0.04 ± 0.07 +0.02/-0.11 x 113  -0.01 ± 0.06 -0.02 ± 0.06 0.02 ± 0.05 +0.02/-0.06 x 68 
 
 
* p = 0.01 paired t-test (More v less myopic eyes) 
† p < 0.01 paired t-test (Pre v post-task) 
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Table 4: Mean change (± SD) in Zernike coefficients (microns) following reading (post minus pre) for the more and less myopic eyes (4 and 6 mm 
diameters). 
 More myopic Less myopic 
Zernike 
coefficient 
4 mm 6 mm 4 mm 6 mm 
(2,-2)  0.020 ± 0.069  0.004 ± 0.127 -0.019 ± 0.093 -0.075 ± 0.287 
(2,0) -0.032 ± 0.132 -0.017 ± 0.161  0.000 ± 0.182  0.023 ± 0.203 
(2,2)     0.070 ± 0.107 *     0.085 ± 0.163 *  0.025 ± 0.085  0.024 ± 0.213 
(3,-3)  0.010 ± 0.035  0.003 ± 0.098  0.024 ± 0.086  0.013 ± 0.118 
(3,-1) -0.008 ± 0.042 -0.006 ± 0.178 -0.023 ± 0.087 -0.009 ± 0.140 
(3,1)  0.003 ± 0.015  0.011 ± 0.056 -0.001 ± 0.030 -0.011 ± 0.095 
(3,3) -0.003 ± 0.021 -0.002 ± 0.100 -0.002 ± 0.042  0.002 ± 0.136 
(4,-4) -0.005 ± 0.016  0.007 ± 0.093  0.006 ± 0.048  0.028 ± 0.137 
(4,-2)  0.001 ± 0.011 -0.004 ± 0.062 -0.004 ± 0.031 -0.014 ± 0.071 
(4,0)  0.001 ± 0.021  0.020 ± 0.071 -0.002 ± 0.052  0.023 ± 0.066 
(4,2)  0.001 ± 0.023 -0.026 ± 0.078  0.008 ± 0.068 -0.024 ± 0.094 
(4,4) -0.003 ± 0.023  0.026 ± 0.045 -0.010 ± 0.059  0.009 ± 0.084 
 
* p < 0.01 paired t-test (Pre v post-task)  
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Table 5: Mean pre and post-reading VSOTF (± SD) (based on corneal higher order aberrations 
(3
rd
 and 4
th
 order) and corneal cylinder and higher order aberrations (2
nd
 to 4
th
 order) for the 
more and less myopic eyes (4 and 6 mm diameters). 
  More myopic Less myopic 
 VSOTF 4 mm 6 mm 4 mm 6 mm 
HOA 
 
(3
rd
 & 4
th
 
order terms) 
Pre-reading 0.509 ± 0.207 0.086 ± 0.042 0.497 ± 0.159 0.094 ± 0.051 
Post-reading 0.464 ± 0.169 0.069 ± 0.001 0.477 ± 0.184 0.084 ± 0.055 
Change    -0.045 ± 0.130  -0.017 ± 0.027† -0.020 ± 0.153 -0.009 ± 0.036 
Cylinder & HOA 
 
(2
nd
 - 4
th
 
order terms) 
Pre-reading 0.046 ± 0.060 0.019 ± 0.021 0.051 ± 0.074 0.021 ± 0.024 
Post-reading 0.045 ± 0.066 0.017 ± 0.018 0.059 ± 0.081* 0.024 ± 0.023 
Change    -0.001 ± 0.026 -0.002 ± 0.010*  0.008 ± 0.020† 0.002 ± 0.011 
 
VSOTF - visual Strehl ratio based on the optical transfer function. 
* p < 0.05 paired t-test (More v less myopic eyes) 
† p < 0.05 paired t-test (Pre v post-task)  
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Figures 
 
Figure 1: Mean refractive change (post minus pre-reading) for more and less myopic eyes after 
ten minutes of reading (n = 34 subjects).  Refractive power maps presented as right eyes after 
correcting for enantiomorphism.  Inner dashed circle is 4 mm diameter; outer circle is 6 mm 
diameter.  The dotted line represents the position of the upper eyelid during 25 degree 
downward gaze. 
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Figure 2: Mean change in corneal higher order aberrations (post minus pre-reading) for the 
more and less myopic eyes for a 4 mm corneal diameter (n = 34 subjects).  The wave-like 
change in the corneal wavefront is attributed to the effect of the upper eyelid margin during 
downward gaze. 
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Figure 3: Mean point spread function and image reconstruction (letter E) based on: an ideal 
wavefront (A) and the change in corneal cylinder and higher order aberrations up to the fourth 
order (post minus pre-reading) for the less myopic eyes (B) and the more myopic eyes (C) for a 
6 mm corneal diameter.  Note: the point spread function and image reconstruction is based on 
corneal aberrations only. 
